Background-The recent focus on patient centered outcomes highlights the need to better describe recovery trajectories after injury. The purpose of this study was to characterize recovery trajectory subtypes that exist after non-neurologic injury.
INTRODUCTION
Injury remains a significant public health problem with more than 2.4 million people requiring hospitalization secondary to injury every year in the United States [1] . Only a small fraction of the injured die while in hospital and the vast majority survive to hospital discharge [1] . A growing body of research demonstrates that injury survivors will suffer a prolonged recovery lasting at least a year [2] [3] [4] [5] . Most research in this patient population supports what is likely the prevailing mental model that clinicians have regarding recovery trajectories following injury. During the year after injury, patients have a significant drop in quality of life and functional ability followed by a generally upward rise during the recovery period. However, it is possible that not all patients will follow this usual recovery trajectory.
Longitudinal studies in other disciplines, particularly the social sciences, demonstrate that subpopulations may exist in a cohort that do not follow the prevailing trajectory [6] [7] [8] . To help identify individuals who follow similar paths over time with regard to an outcome, social scientists have applied group based trajectory modeling to longitudinal cohorts. Group based trajectory modeling is a specialized application of finite mixture modeling and has been increasingly utilized in the healthcare setting to identify specific clusters of individuals who follow similar recovery trajectories after an illness [8] [9] [10] .
While there are studies that have examined the overall outcome trajectory of moderately to severely injured patients, most have not tested for the existence of subpopulations that may follow different post-injury recovery trajectories. Further, previous studies often include patients with spinal cord injury and traumatic brain injury which may obscure the presence of underlying trajectories. To address these gaps in the literature, we prospectively followed a cohort of patients to characterize the types of recovery trajectories that exist in the nonneurologically injured population. Based on prior research, we theorized that there would be at least four distinct recovery trajectories for each of the mental, physical and joint mental and physical functioning outcomes.
MATERIALS AND METHODS

Study Setting and Sample
This was a prospective longitudinal study that followed traumatically injured patients for 12 months after injury. Patients were recruited from the Presley Memorial Trauma Center (PMTC) in Memphis, Tennessee from January 2009 to December 2011. The PMTC is a Level I trauma center with a catchment area that encompasses from western Tennessee, northern Mississippi, eastern Arkansas, and the boot-heel of Missouri. Patients were eligible for inclusion in the study if the patient was an adult (age ≥ 18) admitted to the PMTC who suffered either a penetrating or blunt injury, with an Injury Severity Score (ISS) greater than 10, who was admitted for more than twenty-four hours and who was able to speak English.. Patients were excluded from the study if they are more than twenty-four hours from the time of injury when they are admitted to the PMTC, if they had a significant head injury [defined as Head/Neck Abbreviated Injury Scale (AIS) >2 or a Glasgow Coma Score (GCS) < 15 at 24 hours after admission], if they had any spinal cord injury or any burn involving greater than 20% body surface area, if they were pregnant women (assessed by a urine pregnancy test), if they had a history of an injury in the past two years that required admission to a hospital, if they had a primary residence outside of the catchment area for the PMTC, or if they were incarcerated at the time of study enrollment.
Study personnel approached eligible patients at the time of hospital discharge. If the patient consented to study participation, the patient was given a baseline survey that included measures of socioeconomic status, co-morbidities, quality of life and functional ability (SF-36). The patients were followed as outpatients and the survey was repeated at 1, 2, 4, and 12 months after injury. To maintain the cohort, detailed contact information was obtained from each participant including the contact information for a next of kin that did not live in the same household. Before being considered lost to follow-up the participant and a next of kin were sent certified letters with the survey and a self addressed return envelope. If there was no response the National Death Index was searched to determine if the participant died during follow-up. If these methods were exhausted, the participant was considered lost to follow-up. The University of Tennessee Health Science Center Institutional Review Board approved this study.
Outcome Variables
We used the Short Form (36) Health Survey (SF-36) to evaluate quality of life after injury. The SF-36 produces an 8-scale profile of health that can be used to calculate summary physical and mental health composite scores. Both the physical and mental composite scores were used as outcome variables in the analysis. The SF-36 has been widely used and validated in the injured patient population [11] [12] [13] .
Analysis
The primary aim of this study was to investigate trajectories of quality of life outcomes following injury. Group-based trajectory modeling (GBTM) was used to identify classes of individuals within the study sample that had varying and distinct patterns of recovery over the 12-month study. We performed this analysis with two different outcome variables, the SF-36 physical composite score (PCS) and the SF-36 mental composite score (MCS). The primary advantage of this type of analysis is that it is able to classify a dynamic outcome as distinct longitudinal trends among subgroups of a heterogeneous population. Each study participant was assigned to a single trajectory for each respective outcome through the use of posterior probabilities, which is carried out automatically during the TRAJ procedure in SAS. The Bayesian information criterion was used to determine the best fitting model for one to five trajectory subgroups. For each trajectory, descriptive analyses examining baseline patient characteristics were conducted. Chi-square tests were used to assess significant differences between trajectory subgroups. SAS 9.3 (Cary, NC) was used to conduct all analyses.
RESULTS
Cohort Characteristics
A total of 500 patients were enrolled in the study. Follow-up was 93% at 1 month, 82% at 2 months, 70% at 4 months and 58% at 12 months. No patients enrolled in the study were reported as deceased in the National Death Index during the one-year follow-up period. Approximately half of the sample was under 35 years of age at baseline (50.8%) and less than 10% was over 60 (7.0%), indicating a fairly young cohort. Half of the study sample was white (50.6%) and 64.8% were male. A large percentage of patients were uninsured at baseline (42.2%). Of those with insurance coverage, 34.2% had private insurance, 11.4% had Medicaid, and 5.6% had Medicare. About one-third of patients had injury severity scores (ISS) less than 15 (29.5), another third had ISS between 16 and 24 (36.8), and the last third had ISS equal to 25 or greater (30.4%). (Table 1) 
SF-36 Scores
The mean physical composite score was 52.9 at baseline and dropped to 25.6 at the 1 month follow-up. The average PCS score continued to increase throughout the study and reached 35.9 at the final follow-up time point. MCS scores averaged 52.2 at baseline and decreased to 42.3 at 1 month follow-up. For the remainder of the study, MCS means were stable (44.0 at 2 month follow-up, 44.4 at 4 month follow-up, and 44.4 at 12 month follow-up). (Table 2 )
Physical and Mental Health Trajectories Following Injury
The trajectory analysis examining patterns of change in the SF-36 physical component score identified three subgroups. Trajectory 1 (10.4% of the sample) is characterized by a lower baseline level of functioning, followed by a static, low-level of functioning following injury with little improvement over time. Trajectory 2 (65.6%) members have a drastic decline in functioning 1 month after injury, but show small, but consistent improvement for the remainder of the study. Trajectory 3 (24.1%) also has a sharp decline in physical health 1 month post-injury, but has a much faster recovery and reaches near-baseline levels of health by the 12 month follow-up. The second outcome examined, SF-36 mental composite score, had greater variability in outcomes than PCS with 5 distinct trajectories being identified by the analysis. Members of the Trajectory 1 subgroup (9.4%) have low mental health composite scores at baseline and continue to have low scores throughout the rest of the study. Trajectory 2 (14.4%) has a large decrease in mental health post-injury and does not recover over the next twelve months. Trajectory 3 (22.7%) has an initial decrease in mental health scores early after injury, followed by continuous improvement. Trajectory 4 (19.1%) of the population has a steady decline in mental health across most of the study. Lastly, Trajectory 5 (34.3%) has consistently high mental health scores across all phases of recovery. Overall, this analysis demonstrated that physical health tends to improve in similar patterns across subgroups of the population; however they are stratified by the magnitude of their deficits. In contrast, mental health outcomes have greater variation over the course of the study and subgroups vary in both the pattern of change and the magnitude of their deficits. (Figure 1) Members of the three PCS trajectory subgroups differed significantly on several characteristics. A larger proportion of members in Trajectory 1 were older, with 50% of members belonging to the 46-60 year old age group. In contrast, 50.7% and 68.0% of members in Trajectories 2 and 3, respectively, were between the ages 18 and 35 (p<0.001). PCS trajectory subgroups did not significantly differ in regards to gender, race, or insurance status (p=0.536, p=0.050, p=0.086). Trajectory 3 had the fewest members with ISS greater than 25 (30.6% Trajectory 1, 35.1% Trajectory 2, and 19.6% Trajectory 3; p=0.022). There were no significant differences in hypotension between groups (p=0.580). (Table 3) There were several significant differences in characteristics between members of MCS trajectory subgroups. Trajectory 5 had the highest post-injury MCS scores throughout the study period and also had the highest percentage of members over 60 years old (12.4%). Trajectory 1 had the lowest MCS scores at baseline and throughout the study and had the greatest percentage of members in the 46-60 year old category (39.6%). Trajectories 1 and 2 also had significantly more females than Trajectories 3, 4, and 5 ( 
DISCUSSION
In this prospective longitudinal study of 500 moderately to severely injured patients without brain or spinal cord injury, we found that there are distinct sub-populations with varying recovery trajectories for physical and mental health. This is particularly true for mental health where we found five different recovery trajectories. In terms of physical recovery, only about 25% of patients experience the expected recovery trajectory with a sharp initial decline in function from baseline and a gradual return of function over time. The vast majority of injured patients suffer an abrupt decline in physical function with an increase in function over time, but, the recovery trajectory is blunted and has a shallow slope. There is a small subset of patients that were poorly functioning at baseline with no real recovery after injury. The mental health trajectories were more complicated. Two mental health trajectories showed no change over time, while the remaining three were more dynamic. The most concerning trajectory was one in which patients started out with relatively high mental health functioning in the early months after injury, but, this function decayed over time. Overall more than 43% of patients had what would be considered a poor mental health outcome trajectory.
The results of this study challenge the prevailing mental model to describe post-injury recovery. This prevailing mental model is most consistent with the one described for recovery from critical illness by Iwashyna and supported by data in injured patients from Holbrook, Zatzick and others [2] [3] [4] 14] . In this mental model, injured patients suffer a dramatic decrease in functional ability and overall quality of life soon after injury. In the next year, or years, after injury, quality of life improves but does not return to pre-injury baseline levels or even to levels consistent with general United States population norms. Iwashyna refers to this as the "Big Hit" trajectory [14] . The findings in the current study indicate that the Big Hit trajectory is not the prevailing trajectory experienced by moderate to severely injured patients with non-neurologic injury. Both physical and mental health trajectories are more complex and nuanced in this patient population.
The existence of multiple recovery trajectories after injury has significant clinical, public health and research implications. We know that persistent physical and mental health disability is associated with increased mortality, increased health care utilization, and increased reliance on public support due to lost wages or insurance coverage [15] [16] [17] [18] [19] . The current study indicates that over 76.0% have poor physical functional trajectories and 42.9% have poor mental health trajectories. From a clinical standpoint it would be valuable to be able to identify those at risk for poor recovery and intervene to improve long-term outcome. Because of the variability in outcome trajectories, a one-size fits all treatment strategy may not be the best option. Perhaps a more dynamic recovery intervention that involves feedback loops would be more advantageous than a single, standard approach. In the geriatric patient population and in those with dementia, these dynamic, personalized approaches to care have been associated with improved long-term functioning [20] [21] [22] .
From a research perspective, the results of this study can inform the design of future patient centered outcome studies among injured patient cohorts. For example, because patients may be on varying trajectories, it is important for studies to include more than two time points for outcome assessments. Otherwise, it is not possible to detect patients on different recovery trajectories. Certain endpoints may also be more relevant for patients on specific recovery trajectories. For example, mental health may be more affected over the long-term than physical health. Understanding how the two trajectories inform one another is important to capturing proper variables during the study in order to be able to limit confounding. Another important factor may be that certain subpopulations may be on a more overall downward trajectory even prior to injury. The elderly are a good example. In the elderly, functioning may decline over time rather than improve, and studying the overall rate of decline and the influence varying interventions have on moderating the rate of decline may be a better approach than trying to maximize overall recovery. For patients who have a more relapsing type trajectory, it may be that assessing the patients at a fixed interval of time may not reveal the relapsing nature of the trajectory. More appropriate measures for the relapsing trajectory subtype might be to utilize an outcome other than an absolute outcome measure. A more dynamic outcome might be more appropriate that is scaled over time.
From a public health perspective, while a significant number of resources might be required to implement a system that utilizes dynamic feedback loops to deliver more personalized post-injury support, it is possible that this approach may improve outcomes and reduce costs to the entire healthcare system. Further, trauma centers and trauma systems are well positioned to begin following these outcomes in a prospective manner. Trauma registries and performance improvement programs already exist at the center and system level. Together, the registry and performance improvement programs already form the basis of a feedback loop. At the center and system level, outcomes are continually assessed and processes are revised in order to improve the entire system. By adding patient centered outcome measures in the outpatient setting in association with dynamic, patient centered interventions, outcomes for entire populations of injured patients could be maximized, extending the reach of trauma centers and trauma systems.
The main strengths of this study are its prospective, longitudinal design and the frequent outcome assessments over the year. However, there are some limitations that should be addressed. To date there is no specific, validated quality of life measure for injured patients. The SF-36 has been used extensively in the injured patient population but it does have some significant ceiling effects [11] [12] [13] . That is, the SF-36 has difficulty discriminating at high levels of function. It is possible that with a more sensitive instrument more or different trajectories could be found. It is also possible that the baseline quality of life may not be representative of the true, pre-injury quality of life since the baseline survey was administered after injury and prior to hospital discharge. Further, the findings of this study are limited to the patient population under study. The results cannot be applied to patients with significant head injury or spinal cord injury. Further, the study was a single center study. Quality of life may be influenced by environmental factors and the outcomes from this study may be specific to the region in which it took place. Like any study with less than 100% follow-up at every time point, this study is subject to response bias. Despite robust follow-up at each time point, there is still the chance that patients who followed up were different than those who did follow-up. While this is a possibility, when patients who followed up were compared to those who did not with regard to demographics and injury characteristics, we found significant differences in regards to age (p=0.008) and gender (p<0.001). Those who followed-up throughout the entire study period were more likely to belong to older age groups and more likely to be female, which are both characteristics associated with poorer quality of life outcomes following injury. It is also possible that patients who consented to participate in the study were different in some way from those who were eligible but refused to participate. We found no significant difference between the demographics, injury mechanism or injury severity of those who were eligible and consented and those who were eligible and did not consent to participate in the study. However, there could be some unmeasured differences between groups that could lead to bias in the results of this study
CONCLUSIONS
Despite these limitations, we found that recovery following non-neurologic moderate to severe injury is complex and that the vast majority of patients do not follow similar recovery trajectories. In fact, more than 75% of patients follow a poor physical health recovery trajectory and 42.9% of patients have a poor mental health recovery trajectory. The findings of this study support changes to approaches used to care for injured patients in the recovery period. Further, any quality of life research that takes place using this patient population should take into account the varying recovery trajectories that patients may have and methods should be optimized to take this into consideration. Table 3 PCS Trajectory Characteristics Table 4 MCS Trajectory Characteristics 
